The magnetic dipole strength and energy-weighted strength distribution is calculated in 8 Be, as well as the separate orbit and spin parts.
Introduction
In this work we wish to study the orbit and spin magnetic dipole strength distribution, both energy-independent and energy-weighted in a deformed nucleus. Our interests are slanted more towards the orbital distribution because of the intense work in recent years on scissors mode excitations [1] , [2] , [3] . The best milieux for scissors mode excitations are strongly deformed nuclei. We pick for our study the nucleus 8 Be. The reasons for this choice are two-fold: it is known to be strongly deformed and we can perform a large shell model calculation which includes not only the basic configuration 0s 4 0p
4 but also all ∆N=2 excitations. Thus we can get a low energy and a high energy strength distribution. There are of course some atypical properties of 8 Be. This nucleus is not stable and therefore is not amenable to the most direct way of reaching scissors modes -inelastic electron or photon scattering.
Secondly, being an N=Z nucleus, the scissors modes will have isospin T =1, whereas the ground state has isospin zero. The scissors modes will be at a much higher energy than in a typical heavy deformed nucleus where, despite the fact that the scissors modes are isovector excitations, the J=1 + states that have been observed have the same isospin as the ground state. We emphasize again that if we were to carry out the shell model calculation in the small model space 0s 4 0p 4 we would not be adding much new to the subject. But by performing a calculation in a larger space we are able to settle some questions about the strength distribution. Another point we wish to pursue is how sensitive are the energies and strength distributions to various parts of the nucleon-nucleon interaction, in particular the spin-orbit and tensor interactions. To this end, we use an interaction which we have used before for other purposes -the schematic interaction of the form
where c, s.o. and t stand for central, spin-orbit and tensor respectively. The parameters of V , for x=1 and y=1, were loosely fitted to the matrix elements of the Bonn A interaction. We can vary the strength of the spin-orbit and tensor interactions by varying x and y.
Results:
We perform OXBASH [5] calculations for the J=0 + T =0 ground state and 
2 (a) The first 7 states
In Table I we present results for energies and B(M1) for the first 7 states.
We consider the three different sets of M1 operators as above and various choices of x and y, the spin-orbit and tensor strength.
What emerges from In Tables II, III and IV we present the total strength and energyweighted strength. We do this for the total M1 operator, the spin part, and the orbital part and for various x and y. There are many interesting comments to be made about this table.
First of all, both the summed and energy-weighted summed orbital strength is remarkably insensitive to x and y -that is whether the spin-orbit interac- effect. This is undoubtedly due to the fact that 8 Be is strongly deformed, so the asymptotic wave functions are approximately valid in all cases.
For the spin strength, there is much more sensitivity to the interaction.
It was noted by Kurath [13] that the spin-orbit interaction is very important for magnetic dipole spin interactions -his energy weighted sum rule uses the spin-orbit interaction. It was noted by Zamick, Abbas and Halemane [14] that the tensor interaction can also have a large effect provided one allows for ground state correlations in the nucleus.
The results in table III support the claims of these authors. When the tensor interaction is turned off (y = 0) then the summed spin strength S without a spin-orbit interaction is 0.12 µ N 2 . When the spin-orbit interaction is turned on S more than triples to 0.38 µ N 2 . The corresponding energywighted numbers E.W.S are 5.3 µ N 2 MeV and 11.6 µ N 2 MeV .
On the other hand, with the spin-orbit interaction turned off, the value os S changes from 0.12 µ N 2 to 0.40 µ N 2 when the tensor interaction is turned on and E.W.S increases by about a factor of four, from 5.3 µ N 2 MeV to 21.3 µ N 2 MeV .
As compared with the isovector orbital transition, the isovector spin transition has a factor (9.413) 2 , which in general makes spin transitions much larger than orbital ones. However, we see here that the summed orbital strength is comparable -indeed somewhat larger than the summed spin strength. This is a manifestation of the strong deformation in 8 Be. In the SU(4) limit, the spin transition rates will be zero. The asymptotic wave functions in the 0p shell become zP , yP and xP where
The occupied orbits have the quanta in the z direction. A transition from 'z' to 'x or 'y' cannot be induced by the spin operator σ.
(c) The Energy-Weighted Distribution
We now switch from tables to figures. We show the cumulative sum of (E n − E 0 )B(M1) for the total, the spin and the orbital magnetic dipole operators in Figures 1, 2 We can clearly identify the low-lying strength and the high-lying strength.
The low-lying energy weighted value is about 12 µ N 2 MeV and the total 6 strength is 20.56 µ N 2 MeV . There had been a prediction using a simple Nilsson model by de Guerra and Zamick [10] , [15] that the high-lying energy weighted strength should equal the low-lying energy weighted strength. A similar result was obtained by Nojarov [11] with a somewhat different approach.
Our shell model calculation gives the high-lying energy weighted strength to be 71% of the low-lying strength, in fair agreement with the previous predictions. One possible reason for a deviation is that our single-particle splittings are not nhω but rather are implicitly calculated in OXBASH with the schematic interaction described in the introduction. Our single-particle splittings are larger than nhω.
Our shell model results with a ∆N=2 truncation do not support the claim of Hamamoto and Nazarewicz [12] that the high lying energy weighted orbital strength should be much larger than the corresponding low lying strength.
Our results go somewaht in the other direction.
We end by saying what we feel are the main points of interest in this work. Firstly, from Table IV 
